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Summary 
 
Typha latifolia and T. angustifolia are wide spread perennial aquatic plants that have long history 
of being used by humans as a food source (rich in starch) and for raw material but they are not 
used much today. Typha spp has potential to be used for bioremediation of polluted waste water 
as they tolerate high amounts of pollutants and are capable of taking up chemical pollutants and 
heavy metals. They also have some level of tolerance to salinity. Therefore, there is an increased 
interest in studying them further. And the molecular structure of the starch from in the rhizomes 
is known. There is a potential use of T. latifolia for production of active carbon. Some 
experiments with them as substrate for mushroom production have been made. Several 
microsatellite markers have been developed both for T. latifolia and T. angustifolia that can be 
used to study genetic variation and crossbreeding between different spp. In this study T. latifolia 
were collected from 16 different sites in southern Sweden and three different microsatellite 
markers developed for T. latifolia were used to analyze the genetic variation. The result from the 
36 samples collected and analyzed were eight different genotypes, of which five were 
heterozygotes for one of the markers. But not all samples gave bands and some not for all of the 
markers used. So, further studies with samples from more locations across Sweden using more 
markers would be needed to get a more accurate assessment of the genetic variation of T. latifolia 
in Sweden. 
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Abbreviations 
 AFLP = amplified fragment length polymorphism 
 ANOVA = analysis of variance  
 bp = base pairs 
 cpDNA = chloroplast DNA 
 Fst = fixation index 
 nDNA = nuclear DNA 
 nSSR = nuclear simple sequence repeat 
 RAPD = random amplified polymorphic DNA 
 ptDNA = plastid DNA 
 PCR = polymerase chain reaction 
 STR = short tandem repeat 
 SSR = simple sequence repeat 
 VNTR = variable number tandem repeat 
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Introduction 
Botany: Systematics, Morphology and Habitats  
Common cattail (Typha latifolia) is an aquatic and perennial plant that propagates through seed 
and also vegetatively by rhizomes (Keane et al. 1999). It belongs to the Cattail family 
Typhaceae (Fernald and Kinsey 1943) that contains two genera and 51 species (Christenhusz 
and Byng 2016). Cattails belong to the genus Typha that includes 38 species according to the 
annual checklist of the Catalogue of Life (Roskov et al. 2014). A Typha plant has leaves with a 
strongly developed rounded flange at the connexion of the leaf blade and the sheathing base 
and they have creeping and branching rhizome and the flower spike is divided in to two parts 
(Fernald and Kinsey 1943). The flowering parts of Typha are on the top of a round straw 
(Lidman 1977). The upper part has the male flowers and the lower part has the female flowers 
(Fernald and Kinsey 1943). The female flowers form a cylindrical structure composed of many 
smaller flowers and the pollen from the male flowers is wind dispersed (Lidman 1977). The 
upper part is yellow before the pollen is released and thereafter dries up. The lower female part 
is green when young and at maturity it turns into brown (Fernald and Kinsey 1943). 
The two species with the widest range in the Cattail family are T. latifolia and T. angustifolia 
(Kim and Choi 2011). T. latifolia and the related T. angustifolia can grow 2 to 3 m tall and both 
of them have narrow and long leaves and grow in nutrient rich shallow waters and waterlogged 
habitats (Lidman 1977). The habitats of all the Typha species are composed of bodies of fresh 
or brackish water of bogs, pond, quiet streams and marshes (Fernald and Kinsey 1943). T. 
latifolia is not as salt tolerant as some other species in the Cattail family like T. angustifolia that 
grows well in brackish water (Fernald and Kinsey 1943). T. latifolia is, however, still capable 
of growing well at salinity levels of 2.4% with a survival rate of 94% (Jesus et al. 2014). Its 
survival rate was 56% if treated with 2400 mgL-1 of NaCl when growing in a greenhouse 
(Koropchakand and Vitt 2013). Nevertheless, T. latifolia can unlike T. ×glauca and T. 
angustifolia grow in acidic soil (Hotchkiss and Dozier 1949). 
The morphological differences between T. latifolia and T. angustifolia are that the former has 
wider leafs (Kim et al. 2003) and bigger female flower structure than the latter (Lidman 1977). 
The leaf width overlaps between T. latifolia (7-20 mm), T. angustifolia (3-12 mm) and T. 
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×glauca (3-14 mm) (Fassett and Calhoun 1952). Thus, the leaf width is not a suitable descriptor 
to distinguish between these Typha species (Fassett and Calhoun 1952). T. latifolia does not 
have a gap between staminate and pistillate inflorescence, thus favoring inbreeding. The   
opposite is true for T. angustifolia in which there is a gap that favors outbreeding (Kim and 
Choi 2011). T. latifolia produces more rhizomes and fewer flowers than T. angustifolia 
(McNaughton 1966). 
  
Historical and present usage of common cattail  
Common cattails have a long history of being used by humans and new shoots and immature 
flowers can be cooked and eaten (Gaertner 1962). Leaves from cattail have been used by native 
Americans to produce mats and the down (the structure that allows seeds to be dispersed by 
wind) from the mature flower heeds have been used as padding for pillows (Coville 1897). All 
of the parts of the cattail plants are considered to be edible and their rhizomes are high in starch 
and protein content (Kurzawska et al. 2014; Vetayasuporn 2007). The sprouts can be used like 
asparagus (Liptay 1988) and as a vegetable after cooking, while its pollen can be used in baked 
and roasted products (Vetayasuporn 2007). The pollen grains are collected during the summer 
and autumn, whereas during the winter the rhizome can be collected (Liptay 1988). T. latifolia 
has been proven poisonous to humans in some cases but not very often (Woodcock 1925). Hurst 
(1942) –as cited by Morton (1975)–indicated that leaves and flower heads of T. angustifolia did 
not cause any damage to the testing animal. 
Cattails can be established and survive in waste water of polluted wetlands (Calheiros et al. 
2008). They are also capable of taking up many chemical pollutants and heavy metals (Kumari 
and Tripathi 2015). For those reasons it can be used for bioremediation of polluted wetlands 
(Keane et al. 1999; Kumari and Tripathi 2015). When grown together with the common reed 
(Phragmites australis), they are more efficient at bioremediation than either species alone 
because they complement each other (Kumari and Tripathi 2015). When grown in untreated 
urban sewage mixed with industrial efflux, Fe, Cr, Cu, Cd, Cr, Fe, Ni, Pb and Zn were the metal 
removed by T. latifolia (Kumari and Tripathi 2015). T. latifolia was better at removing Pb and 
Zn than P. australis (Kumari and Tripathi 2015). The amount of the metals that were examined 
had largest concentration in the roots of T. latifolia (Kumari and Tripathi 2015), while only 
small amounts of the metals taken up were allocated to the leaves and stems of the plants (Klink 
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et al. 2013). Another study found that T. latifolia accumulates Mg, Zn and Ni in higher 
concentration in shoots than in roots; and Cr, Fe, Mn and Cu were found mostly in the roots 
(Hazra et al. 2015). Cr, Cu and Fe had higher concentration in the roots than in the shoots, while 
for the highest concentration of other elements there are disagreements regarding their 
accumulation in the plant (Klink et al. 2013; Hazra et al. 2015). According to Klink et al. (2013), 
T. latifolia has a potential use for biomonitoring Cu, Cd, Cr, Fe, Ni, Pb and Zn contamination 
through analyzing their concentration in the plants. 
 
The potential use of common cattail 
The rhizomes contain starch up to 70% of its dry weight (Kurzawska et al. 2014). The 
amylose/amylopectin ratio in the cattails starch is 31.7% amylose and 68. 3% amylopectin 
(Kurzawska et al. 2014). Common Cattail’s cell walls were hard to break in the disintegration 
stage of the extraction, thus it is not suitable today for its use as an industrial source for starch 
(Kurzawska et al. 2014). Its amylose from the rhizome had molar weight higher than the one 
from potatoes, but slightly lower than the one from maize (Kurzawska et al. 2014). The 
amylopectin from the rhizome is more branched compared to the amylopectins from potato and 
maize, and its molar weight was between those from maize and potato (Kurzawska et al. 2014). 
Common cattail has been examined as a potential substrate for growing gilled edible 
mushrooms of the genus Pleurotus (Vetayasuporn 2007). Although Pleurotus spp. were shown 
to grow on cattail substrate, their edible yield is lower as compared to when grown on sawdust 
substrates. Hence, common cattails are a less suitable growth medium for Pleurotus spp. 
production than other substrates commonly used (Vetayasuporn 2007). 
Common cattail has also been tested as source for producing activated carbon (Song et al. 
2015). Cattail-activated carbon can effectively remove Cu2+ and Zn2+ and it is cheaper than 
other sources used to produce activated carbon, e.g. wood (Song et al. 2015). The yields of 
activated carbon from dry leaves and stems were 48.56% and 38.25% respectively, while the 
pore volume and average diameters of the activated carbon were 13.29 ml g-1 and 4.14 nm, 
respectively (Song et al. 2015). 
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Cytology and Genetic Diversity  
The sporophytic chromosome number of T. latifolia and T. angustifolia is 2n = 30 (Harada 
1949). The complete T. latifolia plastid genome is 161,572 base pairs (bp) (Guisinger et al 
2010). 
Polymerase chain reaction – short tandem repeat (PCR-STR) probes were used to examine the 
genetic diversity in variable number of tandem repeat (VNTR) loci of T. latifolia. This 
assessment of diversity with PCR-STR was lower than those found in most species (Keane et 
al. 1999). Starch gel electrophoresis have also been used to examine the diversity of T. 
domingensis, T. latifolia, T. angustifolia and T. glauca from the USA by Sharitz et al. (1980) 
who were able to distinguish between these four species. Variation was lacking within the 
populations except for three enzyme systems in T. glauca and one in T. latifolia (Sharitz et al. 
1980). T. domingensis and T. angustifolia were distinct for 6 of the 10 enzymes investigated, 
while only 1.4% of the 186 different individuals, with large geographic distribution, examined 
showed intraspecific variation (Mashburn et al. 1978). 
T. ×glauca is the hybrid between T. angustifolia and T. latifolia and it is found in North America 
(Grace and Harrison 1986) and in Europe (Nowińska et al. 2014). Hybridization between T. 
latifolia and T. angustifolia has not been noticed in Asia even though the two species are found 
in this continent (Zhou et al 2015). Manual hybridization between T. latifolia, T. domingensis 
and T. angustifolia were made, and their derived-hybrids’ fertility was investigated (Smith 
1967). Meiosis was normal in hybrids derived from crossing T. domingensis and T. angustifolia, 
but not in the different hybrids with T. latifolia, which showed some abnormalities in their 
meiosis (Smith 1967). The percentage of normal pollen in the hybrids derived from crossing T. 
domingensis and T. angustifolia varied between 49 to 76%, while it was 47.5% and 38% in 
hybrids with T. latifolia although the seed production range for the hybrids was from 0 to 25% 
of that of normal cattail plants (Smith 1967). T. angustifolia and T. latifolia and their hybrids 
from two different areas were examined by Ball and Freeland (2013). The flowering time had 
a significant overlap between the different species and all hybrids had chloroplast DNA 
(cpDNA) sequences from T. angustifolia, thus confirming that cpDNA in Typha is inherited 
from the mother plant (Ball and Freeland 2013). Hence, it seems very likely that there are some 
barriers that prevents fertility in hybrids derived from crossing T. angustifolia and T. latifolia 
as the mother plant, but the flowering time is not the problem as it overlaps (Ball and Freeland 
2013). Random amplified polymorphic DNA (RAPD) markers and cpDNA markers were used 
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to examine T. latifolia, T. angustifolia, T. ×glauca. and different crosses made with T. latifolia 
and T. angustifolia while only cpDNA from T. angustifolia was found in T. ×glauca   
the plant from the crosses made had cpDNA from the species that were used as pollen recipients 
(Kuehn et al. 1999). The leaf width of T. ×glauca can reach 21 mm but it is often smaller than 
16 mm (Kuehn et al. 1999). 
Research on T. latifolia and T. angustifolia genetics was previously undertaken in Asia, North 
America and Ukraine (Na et al. 2010; Kim and Choi 2011; Tsyusko et al. 2005). Amplified 
fragment length polymorphisms(AFLP) markers were used to analyse four different types of 
Typha from East Asia by Na et al. (2010), who found that T. latifolia had the lowest level of 
genetic diversity among the Typha species included in their study. A relatively high difference 
between T. latifolia from North America and East Asia was, however, found with plastid DNA 
(ptDNA) sequencing (Kim and Choi 2011). 
Eleven microsatellite or simple sequence repeat (SSR) loci were identified for T. angustifolia 
(Tsyusko‐Omeltchenko et al. 2003). These SSR markers were used to evaluate genetic diversity 
of T. latifolia and T. angustifolia in Ukraine. T. latifolia showed low genetic diversity when 
analyzed with the 11 SSR markers. The genetic diversity was, however, greater than was 
previously noted for Typha with other DNA markers (Tsyusko‐Omeltchenko et al. 2003). 
Microsatellite loci TA 5 and TA 21 developed by Tsyusko‐Omeltchenko et al. 2003 had species 
specific alleles that did not overlap between T. latifolia and T. angustifolia (Snow et al. 2010).  
Nine microsatellite loci (TL 45, TL146, TL 209, TL 213, TL 247, TL 305, TL 322, TL 368, 
and TL 442) were identified for T. latifolia (Ciotir et al. 2013). The markers at three of these 
nine loci (TL 146, TL 213 and TL 305) are different in T. latifolia and T. angustifolia (Ciotir et 
al. 2013), thus allowing their use to distinguish between these two species (Ciotir et. al. 2013). 
The allele richness was higher in plants from Europe than plants from America when assessing 
diversity using the nine SSR markers developed for T. latifolia by Ciotir et al. (2013). 
Twenty diagnostic RAPD markers were used by Nowińska et al. (2014) to investigate if 
T.×glauca was present in Poland and to measure its genetic diversity along with its two parental 
species. Analysis of polymorphism using 116 RAPD markers revealed that in T. latifolia 
59.48% of the RAPD markers were polymorphic, in T. angustifolia 71.55% and 87.07% in T. 
glauca (Nowińska et al. 2014). cpDNA and nuclear DNA (nDNA) sequences and nuclear 
microsatellites (nSSR) were used to determine the genetic variation in four different Typha 
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species found in Asia by Zhou et al. (2015), who also examined some morphological characters 
such as plant height, leaf width and inflorescences length. 
The diversity found for T. latifolia with nDNA for the nuclear gene phytochelatin synthase, 
among populations was 67.78% and 32.22% within populations. Thus being the fixation index 
(Fst) equal to 0.678 (Zhou et al. 2015). The diversity with nSSR among populations was 72.25% 
and 27.52% within populations, while Fst was 0.723 (Zhou et al. 2015). The diversity with 
cpDNA for the nuclear gene phytochelatin synthase among populations was 96.54% (Fst = 
0.965) while it was 3.46% within populations (Zhou et al. 2015). 
Microsatellites are tandem repeats of 2 to 6 nucleotides found at high frequency in most species. 
The length of the locus often varies from 5 to 40 repeats. Dinucleotide, trinucleotide and 
tetranucleotide repeat are most frequently used for assessing diversity with the aid of molecular 
biology (Selkoe and Toonen 2006). The flanking region of the microsatellite locus are often 
highly conserved in individuals of the same species (Selkoe and Toonen 2006). Because of that 
primers can be designed to bind to the flanking region and guide the PCR amplification of the 
microsatellite locus (Selkoe and Toonen 2006). The alleles that differ in length can be 
distinguished by high-resolution gel electrophoresis (Selkoe and Toonen 2006). 
The genetic diversity analysis of T. latifolia and T. angustifolia plants from Chernobyl area and 
reference population estimated using microsatellite markers showed that 48% of the total 
variation differentiated the two species, which is higher than the level of variation revealed both 
among populations within species and within populations (Tsyusko 2004). T. latifolia had lower 
expected heterozygosity at species level (0.37) and at population level (0.29); while in T. 
angustifolia it was 0.66 at species level 0.49 at population level, respectively (Tsyusko 2004). 
There was high diversity in the Chernobyl population but little effect was attributed to the 
radioactivity in the area (Tsyusko 2004). 
A study in eastern North America found 136 unique genotypes identified from 215 ramets (i.e., 
individuals derived from a genet or clonal colony), which were divided into three distinct 
clusters by the first principal component (Kirk et al 2011). These clusters represented T. 
latifolia, T. angustifolia and T. ×glauca and accounted for 63% of the total variation in the data 
set of seven microsatellites used in their study. There were 53 unique genets of T. latifolia, 27 
unique genets of T. angustifolia, and 56 unique genets of T. ×glauca which showed a 
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heterozygosity of 0.205%, 0.296% and 0.737% respectively (Kirk et al. 2011). These levels of 
heterozygosity were significantly different from the expected Hardy-Weinberg’s equilibrium; 
i.e., they were lower for the parent species but not for their cross (Kirk et al. 2011). 
 
Aim 
The goal of this research was to investigate the genetic diversity of T. latifolia in southern 
Sweden. T. latifolia was chosen owing to its perennial plant habit and its use as a food source 
as its rhizomes contain starch. T. latifolia can also be used for bioremediation because it can 
accumulate heavy metals. Researching its genetic diversity will be interesting to get insights 
on the genetic distribution of T. latifolia in Sweden, which could be useful for future genetic 
research on this plant. 
Materials and methods 
A search of genetic markers available for T. latifolia and related species was helpful to 
determine those to be used for the genetic analyses of the plant material. Microsatellite markers 
were chosen because they can be highly polymorphic, thus needing few markers (Selkoe and 
Toonen 2006). The selected microsatellite markers were TL 146, TL 209 and TL 305, which 
were developed for T. latifolia by Ciotir et al. (2013). Shoots with rhizomes were collected from 
16 different sites (Fig. 1) of roadside ditches, ponds, wetlands and lake shores. There were 36 
different collected plants and the number of plants collected per site varied from one to five. 
The number of rhizomes collected from each site depended on the size and the number of stands 
at the site. Often, there was only one stand accessible as some could not be reached as they 
grew into deep water, swampy areas or inaccessible for other reasons. Hence, the collecting had 
a bias because the collected plants were those easiest to find and reachable. The coordinates 
and altitude for each site were recorded (Table 1). The leaves of the collected plant material (up 
to 5) were also measured (Table 1). Some of the above ground parts of the collected material 
were damaged by insect larva and aphids. 
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Figure 1. Map of southwestern Sweden showing the areas for collecting T. latifolia [black points]. (Fahlgren 
2016) 
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Table 1. Coordinates, altitude (m) and habitat of 16 collecting sites, and measurement on up to 5 plants of their leaf 
width (cm). 
Collecting area Latitude  Longitude  Altitude  Habitat  A B C D E 
1 N 58.42 E13.33  99 pond 1.9 1.6 
   
2 N 58.39 E 13.31 123 ditch 1.0 1.6 
   
3 N 58.33 E 13.15 109 ditch 1.0 0.7 1.3 
  
4 N 58.27 E 13.07  76  wetland 1.6 1.5 1.0 
  
5 N 58.16 E 13.28 229 wetland 1.4 
    
6 N 58.32 E 13.52  124  ditch 1.6 1.5 
   
7 N 58.29 E 13.47 209 ditch 2.2 
    
8 N 58.13 E 13.52 225  ditch 1.2 
    
9 N 56.97 E 14.01 179  ditch 1.4 
    
10 N 56.40 E 13.52  165  ditch 1.4 
    
11 N 55.91 E 13.77  199  
Ditch. 
wetland 
1.1 1.7 1.7 1.5 
 
12 N 55.80  E 13.56 95 lake 1.4 1.5 0.5 1.5 1.1 
13 N 55.65 E 13.08  14 ponds 2.3 1.0 1.2 1.5 1.3 
14 N 55.68 E 13.49  61  lake 1.5 
    
15 N 55.52 E 13.70 107 pond 1.4 1.0 1.3 
  
16 N 55.82 E 13.77 107  pond 1.4         
 
Fresh young leaf tissues (5–12 cm) were grounded in an Eppendorf tube after being frozen in 
liquid nitrogen. The resulting samples of each were then used for DNA extraction with a 
genomic DNA purification kit (Thermo Scientific). They were homogenized for 10 min at 65 
°C in a mix of 300 µl TE buffer and 600 µl lysis solution. Afterwards 900 µl of chloroform 
were added and the tube were inverted 3-5 times and centrifuged at 10,000 rpm in the centrifuge 
for 2 min. The upper aqueous phase of the solutions was transferred to a new tube with 1200 µl 
precipitation solution and mix for 1 to 2 min at room temperature and thereafter centrifuged for 
2 min and the supernatants were removed. About 450 µl of 70% cold ethanol were added and 
the DNA samples were allowed to precipitate for 10 min at –20 °C in the freezer, and afterwards 
centrifuged for 4 min. The ethanol was then removed and the pellets were washed with 450 µl 
of cold ethanol and dissolved in 50 µl TE buffer containing 0.1 mg ml-1 RNAse. They were 
thereafter allowed to dissolve at room temperature for at least 30 min. Afterwards the DNA 
concentration were examined using a Nanodrop machine. New DNA samples from the plants 
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were extracted for those showing DNA concentration below 10 ng µl-1. The DNA samples 
were 
loaded on 1.2% agarose gel and electrophoresed (Table 2) to check for quality. The samples 
were treated with RNAse to remove the RNA that was detected and then stored at –20 °C. 
The 36 DNA samples (Table 3) were diluted with milli-Q water until reaching a concentration 
of 10 ng µl-1 prior to its use in the polymerase chain reaction (PCR). 
Table 2. Gel composition.  
Chemical Amount 2% gel Amount 1.2% gel 
Agarose  8 g 4.8 g 
TAE 400 ml 400 ml 
Gelred 10 µl 10 µl 
 
Table 3. DNA concentration (ng µl-1) for the samples used for the polymerase chain reaction before dilution. 
Sites of 
collection 
samples 
A B C D E 
1 53.57 305.73    
2 42.35 12.46    
3 10.15 19.38 27.07   
4 27.12 34.3 60.54   
5 91.6     
6 10 73.36    
7 380.31     
8 125.32     
9 900.47     
10 634.86     
11 30.48 2716.95 227.78 2006.04  
12 22.52 15.54 10 14.66 18.87 
13 525.45 38.36 45.64 38.62 89.11 
14 47.24     
15 87.84 14.29    
16 29.84 31.47       
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Touchdown PCR (Table 4) was used with two different PCR master mixes ((A) and (B) in 
Table 5) and were tested with three different DNA samples with 2 replications each and 2 
controls without DNA. Two primer pairs were tested. The same PCR protocol with the 
temperature for denaturation lowered by 1°C following the specifics for the polymerase was 
also tried. 
Table 4. Touchdown polymerase chain reaction protocol used. 
Step Temperature and time 
1 2 min at 96°C 
2 95°C for 20 sec 
3 64°C for 50 sec 
4 72°C for 60 sec, Repeat 5 times steps 2–4 
5 95°C for 20 sec 
6 64°C for 50 sec decreased by 0.5 °C cycle-1 until 55 °C. 
7 72°C for 60 sec, Repeat 21 times steps 5–7 
8 96°C for 20 sec 
9 55°C for 50 sec 
10 72°C for 60 sec, Repeat 5 times steps 8–10 
11 72°C for 10 min as final extension 
 
Table 5. Polymerase chain reaction master mixes based on either (A) amount (in ul) used by Ciotir et al. (2013); 
or (B) from product protocol of Dream Taq DNA Polymerase (Thermo Scientific). The final master mix used in 
the PCR is given in column 4: (C) 
Chemicals (A) (B) (C) 
dNTP Mix. 2 mM each 0.4 1 0.4 
Dream Taq DNA Polymerase 0.5 0.05 0.25 
10X Dream Taq Buffer 0.5 1 1 
Forward primer 2 0.02 2 
Revers primer 2 0.02 2 
Milli-Q water 3.6 6.91 2.35 
DNA 1 1 2 
Final volume 10 10 10 
 
Additionally, a protocol based solely on the recommended temperature profile for polymerase 
used was also tested; however, no amplification of the target loci was obtained. Hence, simple 
PCR program with a gradient was tested to determine the temperature to be used (Table 6), 
which also resulted in no amplifications.  
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Table 6. Polymerase chain reaction (PCR) protocols used. 
Steps in PCR gradient protocol Steps in final PCR protocol 
1. 95°C. for 3 min  1. 95°C. for 3 min  
2. 94°C for 30 sec  2. 94°C for 30 sec  
3. Gradient 57–67°C for 30 sec  3. 57.5°C for 30 sec  
4. 72°C for 1 min. Repeat steps 2–4 29 times 4. 72°C for 1 min. Repeat steps 2–4 29 times 
5. 72°C for 10 min hold at 4°C 5. 72°C for 10 min hold at 4°C 
 
Hence, a change in the master mix was therefore made to find any problem following the PCR 
troubleshooting protocol from Thermo Scientific. The PCR master mix used is described in 
column (C) in Table 5. 
The temperature was then tested with all three primers to evaluate their suitable value for the 
final protocol. The working protocol was then used with primers TL 146, TL 209 and TL 305. 
About 2µl of loading dye was added to the PCR products amplified by each primer-pair. For 
the DNA ladder used to estimate fragment size, one microliter Thermo Scientific Gen Ruler 50 
bp DNA ladder, l µl loading dye 4 µl and milli-Q water were mixed.  Both the ladder and 
amplified PCR products were spun down and loaded on 2% agarose gel on separate wells for 
electrophoresis. The PCR products loading order from left to right on the gels was as follows: 
DNA ladder. 13A twice for TL 146, 13B, 13C, 13D, 13E, 11A, 11B, 11C, 11D, 9A, 7A, 1A, 
1B, 10A, 4C, 2A, 2B, 3A, 3B, 3C, 16A, 16B, 15A, 15B, 12A, 12B, 12C, 12D, 12E, 4A, 5A, 
6B, 14A, 4B, 8A, 6A and control. An extra ladder was also included in the gel for locus TL 
305. Afterwards, the amplified DNA fragments were run at 100 amperes for 60 min. The results 
were visualized using UV light. The PCR products from TL 305 were loaded in the same way 
as the other except a ladder was also added in the second well from the right in the gel and it 
was run at 88 amperes for 70 min. 
 
Results 
All master mixes used gave primer dimers. The bands of the target loci were faint when the 
master mix recommended by the producer of the Taq polymerase was used. The test with more 
DNA and buffer gave some very faint bands (lane 3-4; Fig. 2) but the test with less Dream Taq 
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polymerase, more DNA and buffer gave the strongest band (Fig. 2; 13-14).
 
Fig. 2. PCR troubleshooting: DNA sample number 10 was used, and all had 1 ul buffer, 11-18 have 0.25 ul Taq 
polymerase, 3-4 and 13-14 had 2 ul DNA, 5-6 and 15-16 have 1 ul of forward and reverse primers. 7-8 and 17-18 
were controls and had no DNA, apart from that they were the same as (A) in Table 5. 
 
 
Samples with more DNA and less Taq polymerase were therefore tested on temperature 
gradient with primer TL 146. There were 4 samples showing good bands, 1 sample a weak 
band, and 3 samples did not get any band (Fig. 3). The other primers were tested thereafter. TL 
209 got several good bands as well as TL 305 but theirs were not as strong as the former (Fig. 
4). 
Fig. 3. DNA sample number 10 was tested for amplification using primer-pair TL 146 with temperature gradient 
ranging from 57 to 67 °C (melting temp 66,1°C as the amount of Mg2+ and dNTP affects the melting temperature). 
 
  1        2        3      4      5       6      7       8             11     12    13    14     15     16    17    18 
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Fig. 4. Primer-pair TL 209 (melting temp 64,6°C) to the left and primer-pair TL 305 (melting temp 67,4 °C) to the 
right. The temperature gradient and the DNA sample used (sample number 10) were the same as in Fig. 4. The 
PCR mix used was the one shown in Table 5 under column (C). 
The PCR products amplified for 36 DNA samples using three different primer-pairs TL 146 
(Fig. 5), TL 209 (Fig. 6) and TL 305 (Fig. 7) were run on 2% agarose gel and then visualized 
using a machine with UV light source.
 
Fig. 5. The amplification of locus TL146 in 36 different DNA samples. Sample 13A was repeated, and one well 
was used as control. The amplification of 18 of the 36 samples revealed three alleles. 
Fig 6. The amplification of locus TL209 in 36 different DNA samples and 1 control: The amplification of 20 of 
the 36 samples revealed two alleles. 
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Fig 7. The amplification of locus TL305 in 36 different DNA samples and 1 control: The amplification of 14 of 
the 36 samples revealed three alleles. 
Some samples got two bands with primer TL 146 and that indicates that they are heterozygotes 
for that specific locus. Two of those were from the same area whereas the rest were from 
different areas. Sample 3A, 3C, 4A, 5A, 6A, 11A, 12B, 12C, 12D, 13B, 13C, 13E, 15B, 16A 
gave no band for any of the loci, and some only for one or two of the loci. Sample 4C and12A 
gave no band for locus TL 146 but for the two other loci. Sample 15A gave no band for locus 
TL 209 but for the other two loci. Sample 12E and 14A, 8A, 3B, 2A gave no band for locus TL 
305 but for the other two loci. 
 
Table 7. Different bands per locus for various genotypes is represent by different later (A-D). For each locus, the 
pair of same letters represent homozygotes whereas the pair of different letters represent heterozygotes.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Different genotypes Sample TL 209 TL 305 TL 146 
1 1A BB AA AA 
1 7A BB AA AA 
1 13A  BB AA AA 
2 1B BB AA CC 
3 4B AA BB AB 
4 6b BB BB  AA 
5 9A BB AA  AB 
6 10A BB BB BB 
7 11D BB CC AA 
8 11B BB CC AB 
8 11C BB CC AB 
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Eight different genotypes were detected from the samples that gave band on all primers (Table 
7). There might be some more genotypes present amongst those having bands at only one or 
two loci, as some of those samples from the same area produced different fragments for the 
amplified loci (Table 8). 
 
Table 8. Samples that did not give bands for al primers 
Sample  TL 209  TL 305  TL 164 
4C AA BB 0 
2A BB 0 BB 
2B BB 0 0 
3B BB 0 BB 
15A 0 AA BB 
12A BB AA 0 
12E BB 0 AA 
14A AA 0 AA 
8A AA 0 AB 
13D BB 0 0 
 
Discussion 
Common cattails may be edible but they are also good at accumulating chemical pollutants. 
Those pollutants would be harmful for human if they were consumed. Hence, it would be good 
if there are genotypes that accumulates less pollutants or only in certain tissue(s) to allow 
common cattails to be used as food. For bioremediation the opposite would however be good. 
If they could accumulate more and higher concentration of chemical pollutants would increase 
its efficiency as bioremediation and for specific tissue could probably be good as well. 
Knowledge of how big variation exist would therefore be useful to improve the plant to get new 
cultivars. Their easy vegetative propagation facilitates getting many plants of the same 
genotype. It would have been better to collect later during the summer or early autumn as the 
morphological characters used for distinguishing between T. latifolia and T. angustifolia are all 
present, particularly when their leave width overlaps according to Fassett and Calhoun (1952). 
Nevertheless, it would be possible to say that if the leaf width is less than 5 mm on fully grown 
plants it is most likely T. angustifolia and if it is more than 2 cm it is most likely T. latifolia. 
Hence, it is harder to distinguish between T. angustifolia, T. latifolia and T. ×glauca if the 
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plants collected were during spring and early summer as the flower structures are usually not 
present by then. Unfortunately, not all plants produce flowers every year. 
The reason as to why the master mix and PCR based on Ciotir et al. (2013) only gave primer 
dimer before the master mix was modified was most likely related to the use of other 
polymerases and buffer that had a different working requirement compared to the one used in 
this work. Likewise, the working environment is different and that could affect the PCR. The 
samples that did not give band(s) for all of the primers could result from some error(s) when 
preparing the solutions for the PCR, some contamination in the tube, or a template that was 
hard to amplify so the amount amplified was undetectable. Those not giving band could be due 
to contamination by inhibitors in the DNA.   
TL 164 produced three different amplification sizes from the samples and some had two bands, 
and TL 305 had three different fragments sizes but TL 209 had only two. 
TL 146 11C had 2 bands and 11D had 1 band so there were at least two genotypes present at 
location 11 but for the other markers both had one band. Samples 1A and 1B had the same 
bands except for TL 146 in which they had different bands (Table 7). Our results were analyzed 
considering previous research by Ciotir et al. (2013) who got 16 different alleles for TL 146, 3 
for TL 209 and 6 for TL 305 from 31 T. latifolia samples from Europe. They got more alleles 
especially for TL 146 (16 alleles) than what obtained in this study (3 alleles). The reason to this 
result is probably because they used samples from all over Europe while this study only 
included samples from southern Sweden and that the exact bp size for the PCR products were 
not analyzed in this study. It is more likely to find more different alleles in a larger sample area. 
The results were more similar for the other primers for which Ciotir et al. (2013) found lower 
number of alleles. This result could be due to low genetic diversity of the populations in 
southern Sweden. If they were equally common, then few samples would be needed to find 
them, while for TL 146 may need a larger collecting of sample to detect its various alleles. 
 
Conclusions 
It was hard to use solely morphology (e.g. leaf width) to identify if the materials collected 
belonged to T. latifolia or T. angustifolia. Furthermore, there were no flowers during the time 
of the collecting mission as the flower structure differs between the species and as already noted 
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for the leaf width, it may also vary significantly between plants at the same location (Fassett 
and Calhoun 1952; Kuehn et al. 1999). This study found some different genotypes but there are 
likely more genotypes present that were not detected. To detect them, further research by 
sampling more relevant locations throughout Sweden would be needed to get a more accurate 
assessment on the genetic diversity of the Typha population in this country. Plants should be 
collected from stands that are hard to access along with those having an easy access. They 
should be analyzed with all microsatellite primers available for Typha and not only a few (e.g. 
3) to get a more accurate assessment on the whole genetic diversity of the Typha that grows in 
Sweden. 
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